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T uberculous bacilli have lived in symbiosis with mankind since time immemorial. Despite today's improved standards of living and extremely effective antitubercular therapy, 30 million people around the world suffer from tuberculosis. 1 According to the World Health Organization, 2 1.4 million individuals died of this disease in 2011 alone. Osteoarticular tuberculosis accounts for 1% to 3% of all tuberculosis infections, of which less than 1% involve the clavicle alone. 1 Primary tuberculosis osteomyelitis of the clavicle is rare and appears in the literature in only a few case reports. [3] [4] [5] [6] The lesion has a varied presentation, including dull to severe pain, swelling, a discharging sinus, or a nonhealing ulcer. Due to the rarity of the lesion, its varied presentation, and its striking resemblance on radiographs to other common cystic lesions such as benign tumors, the lesion is difficult to diagnose. In this article, the authors present the largest series of tubercular osteomyelitis of the clavicle published in the literature.
Materials and Methods
A prospective study of clavicle tuberculosis was performed from January 2007 to December 2011. Nineteen cases of isolated clavicle tuberculosis were diagnosed during this period. Two patients were excluded because they had been followed up for less than 2 years.
A thorough clinical examination was performed in all patients presenting with pain or swelling in or around the clavicle. They were evaluated for pulmonary tuberculosis with chest examination and radiographs, and those found to be positive were excluded from the study. Informed consent was obtained from each patient for their inclusion in the study. Blood and radiological investigations were performed for patients with suspected clavicular involvement. Initial laboratory investigations included complete blood count with erythrocyte sedimentation rate (ESR), C-reactive protein (CRP), baseline liver and renal function, and Mantoux test. These were followed by anteroposterior radiographs of the bilateral clavicle. Magnetic resonance imaging (MRI) of the bilateral clavicle was also performed in all patients. Patients who showed lesions in the clavicular area on radiographs underwent Tru-Cut (Jamshidi Bone Marrow Biopsy Needle; Medsurge Ind Private Limited, Chennai, India) needle biopsy. The material was sent for histopathology, pus culture and sensitivity, gram stain, acid-fast stain, and culture on Löwenstein-Jensen medium.
Patients with histopathologically or culture-proven tuberculosis were started on antitubercular therapy for 18 months. Four drugs-isoniazid 5 mg/kg, rifampicin 10 mg/kg, ethambutol 25 mg/kg, and pyrazinamide 15 mg/kg-were given for the first 2 to 3 months. After a decrease in pain and a decline in ESR, pyrazinamide was stopped after 2 to 3 months and the other 3 drugs were continued for 6 to 9 months. Once pain was relieved and ESR approached normal, ethambutol was also stopped, and 2-drug therapy was continued. The total duration of antitubercular therapy was 18 months. Follow-up radiographs were obtained at 3, 6, 12, and 18 months.
results
There were 17 cases of histopathologically proven tuberculosis in 10 (58%) females ( Figure 1 ) and 7 (42%) males. Sixteen (94%) cases were unilateral and 1 (6%) was bilateral (Figure 2) . Age distribution is shown in Table 1 . Most patients were between 10 and 30 years old. The disease was cured faster in patients younger than 30 years (12 to 15 months) than in those older than 30 years (15 to 18 months). Most patients (n=14) in the series were right-side dominant. Table 2 shows the demographic details, socioeconomic status, and nutritional status of the patients.
The most common and earliest clinical feature was dull, aching, deep-seated, moderate-intensity pain with no obvious diurnal variation. This was followed by swelling in the clavicular region. Two patients presented with an abscess over the clavicle, and one patient presented with a draining sinus over the medial end of the clavicle ( Figure  3 ). Thirteen (76%) patients reported constitutional symptoms such as weight loss, decreased appetite, and low-grade fever.
Mean duration between the onset of symptoms and patients seeking health care was 5 weeks (range, 1-12 weeks). All patients with active tuberculosis had tenderness on direct palpation. The overlying skin was mostly normal except in patients presenting with an abscess. Sometimes the overlying skin was shiny. No axillary or cervical lymphadenopathy was seen. Erythrocyte sedimentation rate was elevated in all patients (mean, 68 mm/h; range, 46-98 mm/h), whereas the full blood count revealed normocytic, normochromic anemia (mean, 10.1 g/dL; range, 7.9-11.3 g/dL) in 14 patients. Radiographs showed diffused thickening and honeycombing (Figure 4) , eccentric expansile lytic lesions with surrounding osteopenia (Figure 5) , or sequestration not unlike pyogenic infection (Figure 6) . The most common site of presentation was the medial end of the clavicle ( Table 3) . In 5 patients, radiographs were reported to be normal by 2 different radiologists. However, MRI in these cases clearly defined the lesion, showing areas of destruction and any associated soft tissue abscesses (Figure 7) . Magnetic resonance imaging helped in identifying the lesions early.
All patients had histopathology reports suggestive of tuberculosis. Biopsy material revealed areas of central caseous necrosis, numerous epithelioid cells with pale pink cytoplasm, and indistinct boundaries with an oval or elongated nucleus. Langhans-type giant cells with large masses of cytoplasm containing multiple small 
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nuclei arranged peripherally were present. These findings were consistent with tuberculosis bacillus, which forms an immune granuloma with central caseous necrosis, which is rare in other granulomatous disease ( Figure 8A) . 9 One patient, a 35-year-old woman, underwent incision and drainage at an outside institution and presented to the authors with a draining sinus. The sinus walls were curetted while a biopsy was taken, and this was also sent for biopsy. Results showed bits of skin lined by stratified squamous epithelium with underlying dermis showing epithelioid cell granulomas with Langhans giant cells and dense chronic infiltrate. Also seen were bits of fibrocollagenous tissue with caseating epithelioid cell granuloma ( Figure 8B) . Stains for acid-fast bacilli were positive in 5 (29%) patients ( Figure  9 ), and 3 (17%) patients showed growth on Löwenstein-Jensen medium.
The patients' results were uniformly good. Pain decreased in 2 to 3 months and swelling decreased in 7 to 9 months. The objective assessment of function pre-and posttreatment was done using the University of California, Los Angeles (UCLA) shoulder rating scale, which incorporates pain, movement, function, and patient satisfaction. Pre-and posttreatment scores are shown in Table 2 . Scores improved markedly, with all patients achieving nearnormal function and pre-illness work status. The authors were not able to use scores in one patient, a 3-year-old boy, and he was evaluated on pain and active shoulder movement, which improved after antitubercular therapy. The visual analog scale (VAS) was used for pain assessment. Average pretreatment VAS score was 5.4, which decreased to 0.2 posttreatment. A draining sinus over the medial end of the clavicle was present in one patient, which healed in 3 months. Radiographs suggested mineralization with a decrease in lesion size by 12 to 15 months (Figure 10) . No recurrent abscess was seen in any patient. No disease relapse was seen at 2-to 5-year follow-up after 18 months of antitubercular therapy.
discussion
Tuberculosis of the clavicle is rare, reported in only a few case reports. As in other cases of osteoarticular tuberculosis, the lesion is most common in the second and third decades of life.
1 Aggarwal et al 4 reported 4 cases, all in the first 3 decades of life. However, in contrast to the slight male predominance in other cases of tubercular osteomyelitis, the current authors found a slight female predominance (58%). Most patients presented with pain and swelling of the involved region. This observation is similar to other reported cases found in the literature. 1, 4 However, a cold abscess was seen in only 2 patients, and a draining sinus over the medial end of the clavicle in only 1 patient. The lesion was most common in the medial end of the clavicle. Similar results were observed by Tuli.
1
Radiographs showed diffuse thickening and honeycombing (Figure 4) , eccentric expansile lytic lesions with surrounding osteopenia (Figure 5 ), or sequestration not unlike pyogenic infection (Figure 6) . However, plain radiographs were unable to conclusively define the lesion, primarily due to overlying anatomical structures. Similar observations were made by Aggarwal et al. 4 Computed tomography (CT) or MRI provides better assessment of the lesion. 6 On CT, destructive changes are better appreciated. On MRI, they are seen as a breach in the normally hypointense rim formed by the cortices of the bones. Magnetic resonance imaging is useful for determining the extent of the lesion and soft tissue involvement. All imaging methods provide complementary information. 5 Due to the rarity of the lesion, its varied presentation, and its striking resemblance on radiographs to other common cystic lesions such as benign tumors, the lesion is difficult to diagnose. The lesion can mimic Langerhans cell histiocytosis or eosinophilic granuloma, benign tumors such as simple bone cysts or giant cell tumors, malignant lesions such as round cell (Ewing's tumor), brown tumors, or lytic lesions seen in metabolic disorders such as rickets or gout. Constitutional symptoms, swelling, and raised ESR and CRP indicate an infective etiology. Blood investigations generally rule out metabolic lesions. However, plain radiographs, which are often the first investigation performed, are generally inconclusive. The medial end of the clavicle is a difficult area to evaluate on radiographs; therefore, MRI is essential early in the course of the disease to evaluate the lesion. Osseous erosion with the soft tissue component enhanced on T2 generally helps in further evaluating the lesion and ruling out bone cysts and giant cell tumors; however, tissue biopsy remains the cornerstone for making the diagnosis.
Because tubercular osteomyelitis of the clavicle can resemble a neoplastic process on radiographs, biopsy may be necessary to confirm the diagnosis. 7, 8 However, it is not always possible to isolate the bacteria from the lesion, and acid-fast stains or culture results may be negative. This can be attributed to the paucibacillary nature of musculoskeletal tuberculosis. Therefore, antitubercular therapy was started on the basis of clinical, radiological, and histological features, at least in tubercular endemic areas.
The patients' results were uniformly good with conservative management on antitubercular treatment for 18 months. Aggarwal et al 4 used curettage and antitubercular treatment for 4 patients. None of the lesions in the current study required curettage or surgical debridement. These results agree with those of Tuli.
1 Curettage is rarely required, as in cases of uncertain diagnosis, disease unresponsive to antitubercular chemotherapy, or the presence of a large sequestrum.
conclusion
Tubercular osteomyelitis of the clavicle is rare and often mimics other lesions, primarily benign tumors. Clinicians should be aware of the varied presentation (pain, swelling, nonhealing ulcer, abscess) seen in tubercular osteomyelitis of the clavicle. Magnetic resonance imaging is helpful in early diagnosis of the lesion. In an endemic region, it is necessary to maintain a high index of suspicion, especially with the worldwide resurgence of tuberculosis.
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